
Gaussianity data analyses

• COBE-DMR

• QMAP

• QMASK

• MAXIMA

• BOOMERanG (De Troia et al. 2007)

• VSA (Rubiño-Martín et al. 2006)

• Archeops (Curto et al. 2006)

All of the analyses found compatibility with Gaussianity
(some deviations found were interpreted as due to 
systematics or due to incomplete analyses).

Limits on fN were set to ∼1000 (2σ c.l.) in the best cases.
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WMAP

Wilkinson Microwave Anisotropy Probe

Launched in June 30, 2001
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Uncleaned 3year WMAP maps
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WMAP combined map

• Foreground-cleaning of the frequency maps using a 
template fitting method:

• Combined the cosmological foreground-cleaned frequency 
maps Q, V, W weighted by the noise:
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Banda Ka, 33 GHz

Banda W, 94 GHz 4 detectors

Banda K, 23 GHz 1 detector 1 detector

Banda Q, 41 GHz
2 detectors Banda V, 61 GHz2 detectors

3-year maps
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The WMAP Q-V-W co-added map
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• At a given resolution, all the pixels have the 
same area

• Hierarchical pixelization

• Iso-latitude, which allows for fast harmonic 
transformations 

HEALPix pixelization 
[Górski et al. 2005]

HEALPix
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Non-Gaussianity results from WMAP 

• The WMAP team did not found any deviations from the IGRF 

using the 1-pdf, Minkowski functionals and bispectrum.

• They imposed strong constraints on the fNL parameter:

-54<fNL<114  at 95% c.l. (Spergel et al. 07)
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1-pdf
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Minkowski functionals
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Independently to the WMAP team, other authors 
have also put constraints on fNL [Mukherjee & Wang 

2004, Cabella et al. 2005]: 

|fNL| < 175 at 2σ

using a combination of SMHW and local 
curvature.

fNL constraints from other authours

•Introduction

•IGRF

•Physical effects

•Testing isotropy 
and statistics

•Observational 
constraints

•WMAP anomalies

•Future 
perspectives



The problem of having a mask:•Introduction

•IGRF

•Physical effects

•Testing isotropy 
and statistics

•Observational 
constraints

•WMAP anomalies

•Future 
perspectives



WMAP anomalies

• The WMAP team did not find in the first year data any deviation
from Gaussianity neither with the bispectrum nor with the Minkowski
functionals. 

• Later a series of analyses showed significant deviations form the
standard IGRF:

- Quadrupole-octopole alignment and planarity (“axis fo evil”)

(de Oiveira-Costa et al. 04, Land & Magueijo 04)

- North-South asymmetries in the genus, power spectrum and
higher order moments (Park 04, Eriksen et al. 04, Hansen et al. 
04)

- Phase correlations (Chiang et al. 03, Naselski et al. 03)

- The cold spot (Vielva et al. 04, Cruz et al. 05, 06, 07a,b)

- Maxima and minima are neither enough hot nor cold (Larson & 
Wandelt 04, 05)

- Anisotropy in the orientation distribution of features (Wiaux et 
al. 06) and amplitude (Vielva et al. 07)

- 1-pdf (Monteserín et al. 07)
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Quadrupole and octopole planarity and
alignment (“axis of evil”)

• The probability to find the quadrupole and octopole aligned 
with a separation angle < 10° is <1.5% (De Oliveira-Costa 
et al. 04, Schwartz 04, Slozar & Seljak 04, Land & Magueijo
05, 07,  Copi et al. 06).

• Alignment direction (30°, 260°) and dipole direction (42°, 
264°).

• It is not clear yet if the alignment is due to foregrounds, 
systematic effects or is of intrinsic origin.
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Multipolar alignment

• De Oliveira-Costa et al. 04 assign directions to multipoles by 
maximizing the angular momentum dispersion:

denotes the coefficients in a rotated system with the 
z axis in the direction    . They find for the quadrupole and 
octopole directions separated by ≈10°. 

Given a direction the probability of finding another one at 
random separated by an angle ≤10° es ≈1.5%! “Axis of evil”
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Quadrupole

Octopole
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North-south assymmetries in the local 
2 and 3-point correlation functions and

in the power spectrum

North-south assymmetries in ecliptic coordinates are 
found using:

• Local 2- and 3-point correlation functions (Eriksen et al. 

2004a, 2005)

• Minkowski functionals (eriksen et al. 2004b)

• Local power spectrum (Hansen et al. 2004b, Donoghue and

Donoghue 2005)

• Local curvature (Hansen et al. 2004a)

The assymmetry is maximum for a coordinate system with the

North pole in the direction (θ, ϕ)=(80o, 57o), close to the ecliptic 
North pole (60o, 96o).
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North-south asymmetry

(Eriksen et al. 2004a)
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Asymmetry axis

Hansen et al. 2004
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Anisotropies in the distribution of
orientations

• By using steerable wavelets the directions to which the
different structures point to can be obtained in an
efficient way (Wiaux et al. 06).

• Applying to WMAP the first and second derivative of
the Gaussian it is found that the most looked pixels are 
some 11° from the North ecliptic pole. Moreover, these
pixels define a plane whose perpendicular is separated
around 40° from both the dipole and the “axis of evil”.

• These results tend to point to systematics errors
associated to the ecliptic or a bad substraction of the
dipole (Freeman et al. 05).
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Great circle

Great circle

Seen twice
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Probing statistical isotropy
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Wavelet coefficients 
matching the features 
orientations   

Number of times that a 
position is “watched” by the 

features

Signed-intensityTotal-weights

Probing statistical isotropy
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wmap 3-yr data [PV et al. 2007]wmap total-weights [PV et al. 2007]wmap total-weights @ P>3σσσσ [PV et al. 2007]

NE

P

ND

D

From MC simulations the significance level is 0.85%

Probing statistical isotropy

this confirms previous analysis on the 1st-year WMAP data

[Wiaux et al. 2006]
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wmap signed-intensity [PV et al. 2007]wmap signed-intenisty [PV et al. 2007]wmap signed-intensity @ P>3σσσσ [PV et al. 2007]

SD

D

SEP

From MC simulations the significance level is 1.39%

Probing statistical isotropy
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• The first wavelet application to 
WMAP data was made by [PV et 
al. 2004]. Using the SMHW.

• A non-Gaussian detection was 
made on the kurtosis of the 
wavelet coefficients, at scales of 
around 5 degrees.

Co-added 

WMAP

The cold spot
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• It was showed that the detection 
was concentrated on the southern 
hemisphere, what can be 
understood as a breaking of 
isotropy, 

• Recently, [Cruz et al. 2007] has 
established that the probability of 
such detection is 1.85%, after 
analysing the 3-yr WMAP data

Co-added 

WMAP

The cold spot
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SMHW coefficients map @ R8 = 250 arcmin

The Cold Spot

SMHW coefficients map @ R8 = 250 arcmin above 3σ

The cold spot
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The cold spot seems to be the responsible of 
the NG detection made with several 
statistics in wavelet space, for instance:

• the area of the wavelet coefficients

• the higher-criticism of the wavelet 
coefficients

[Cruz et al. 2005]

Total cold area - Spot

Total cold area

P=0.18%

P=14.79%

[Cayón et al. 2005]

The cold spot
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Non-isotropic wavelets have been applied as well: 

• the Haar wavelet ([PV et al. 2004], no detection)

• the elliptical MHW, the butterfly and the Morlet
wavelets ([McEwen et al. 2005], detection)

• the steerable wavelets ([Wiaux et al. 2007], 
detection)

Non-isotropic wavelets
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Cosmological interpretation of WMAP anomalies

• Low quadrupole amplitude: topology?

• Low-order multipole alignment and planarity: 
foregrounds?, local structures?

• Asymmetry and other anomalies: Bianchi model?

• Cold spot: texture?

• Anisotropy in the global distribution of structures: 
foregrounds?

• Phase correlations: foregrounds?
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The universe is given by a 
perturbation of the FRW 
metric: it follows a Bianchi 

VIIh model, with a shear of 

2.4E-10 and a right-hand 

vorticity of 4.3E-10, with a 
rotation axis in the direction 

(l,b)=(222º, -62º)

This models implies an 

Ω=0.5
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Asymmetries
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Bayesian template fit
(Cruz, Turok, Vielva, MG, Hobson, 2007, Science, to be published)

(Cruz et al., 2007, in preparation)

Posterior probability ratio for two hypotheses: 
– H0: Isotropic Gaussian random field + noise
– H1: Isotropic Gaussian random field + noise + template

Three possibilities:

– SZ effect:                                                               Parameters: yo, θc

– Rees-Sciama effect: void     
(Inoue & Silk 07)

Parameters: rv, z

– Topological defects: texture Parameters: ε, θc
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The effect of textures on the CMB
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Texture movie



Possible cause of the cold spot

• SZ effect:  

fs ≈ 0.16,                  ,  ρ ≈ 0.02 < 1

Eridanus supergroup

• Rees-Sciama effect: Voids,           fs≈ 1,                  ,   ρ ≈ 0.7 < 1

Void from WMAP-NVSS cross-correlation?.

• Tolological defect: texture,   fs≈ 0.017,           

ρρρρ ≈ 2.5   ⇒⇒⇒⇒ texture is favoured!

Best fit: ε =7.7x10-5 and θc=5.1o. The inferred redshift is z~6. It implies a symmetry breaking 
energy scale of φo≈ 8.7x1015GeV.
Abundence, shape, size and amplitude of the spot consistent with the texture interpretation.
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Is the cold spot caused by a texture?

Texture template

Data - Template



Kurtosis
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